A planar reflective phaser based on an open-ended edge-coupled-line structure is proposed. This phaser is the first reported phaser that combines the benefits of high resolution, inherent to cross-coupled resonator reflective phasers, and of compactness, inherent to planar circuits. A 4-ns swing 4.9-5.5 GHz quadratic phase (linear group delay) 4 th -order microstrip phaser is synthesized and experimentally demonstrated. Given its advantages, this phaser may find vast applications in Radio Analog Signal Processing (R-ASP) systems.
Principle: We select here a side-coupled half-wavelength resonator configuration, where each of the cascaded resonators are juxtaposed with the two resonators, as this configuration is more compact than the endcoupled resonator one and does not suffer from even-harmonic parasitic response [11] . Moreover, we choose an edge coupling, as opposed to broadside coupling, for circuit uniplanarity [11, 12] . Figure 1 shows the topology of an n th -order open-ended reflective phaser based on edge-coupled resonators. Each coupled-section is a twoport network obtained by opening two diagonally opposite ports of a fourport coupled-line coupler [12] . The key electrical parameters for the i th coupled-section are the even-and odd-mode characteristic impedances, Z i e and Z i o . The first and last sections have the same characteristic impedance as that of the external system, Z 0 , and all the sections have an electrical length of θ " π{2 at the resonance frequency, ω 0 . The synthesis of the desired group delay response, τ pωq "´Bφpωq{Bω for ω L ď ω ď ω H , where φpωq " =tS 11 pωqu and where |S 11 pωq| " 1 due to the purely reflective nature of the device, follows the procedure established in [10] , based on the equivalent circuits shown in Fig. 1 [12 Figure 2(b) is the normalized frequency, 0 ď Ω ď 1, low-pass equivalent circuit, with admittance-inverters and lumped capacitors, and Fig. 2(c) is the corresponding prototype, with unity input impedance g 0 " 1.
The synthesis is performed as follows. First, the bandpass frequencies and corresponding phases, pertaining to Fig. 2(a) , are discretized, ω Ñ ω i and φ Ñ φ i , with i " 0, 1, 2, . . . , n. Second, ω i and φ i are mapped onto their lowpass counterparts, Ω i and Φ i with 0 ď Ω i ď 1 corresponding to the Fig. 2(b) , using the mapping function Ω i " tanpπω i {ω 0 q{ tanpπωn{ωnq. Third, a Hurwitz polynomial, Hpsq where s " jΩ, realizing the phase function ΦpΩq at the discretized points is constructed using a recurrence formula (given in [10] ). Since |S 11 | " 1 and =tS 11 u " φpωq, S 11 has the polynomial form S 11 psq " Hp´sq{Hpsq, so that zpsq " p1´S 11 q{p1`S 11 q " rHpsq´Hp´sqs{rHpsq`Hp´sqs " Hopsq{Hepsq, where Hopsq and Hepsq are the even and odd parts of Hpsq, respectively. Then, fourth, this polynomial expression of zpsq is mapped onto the input impedance of Fig. 2(c) , which provides the parameters g i . Fifth, the parameters in 2(b) are computed from the g i 's as
with
where Y 0 " 1{Z 0 " 50 Ω. The parameters C i and B i are the same for all i 1 s because all the resonators are synchronously tuned at ω 0 , which may be chosen to be either ω L or ω H . Finally, sixth, the electrical parameters Z i e and Z i o are calculated by inserting (1a) into the following equations [12] :
from which the layout parameters pw i , g i , i q in Fig. 1 may be determined by conventional microwave techniques [13] . The measured group delay response and reflection coefficient are plotted in Figs. 4(a) and Fig. 4(b) , respectively. The prescribed group delay is also shown for comparison in the former case. Good agreement between measurement and simulation results is observed. Conclusion: A reflective phaser based on an open-ended edge-coupled line structure has been demonstrated. This phaser combines the benefits of high resolution inherent to cross-coupled resonator reflective phasers and of compactness of planar circuits. It may therefore find vast applications in R-ASP.
